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The lobstet, Homarus americanis, is 3 long-lived crustacean that has been heavily
expluited alony the northeas! coast of North America for over 100 years, Cutches revived
markedly in many lobster fisheries during the 1980s after protonged declines from peaks
at the turn of this centurv. Because of high exploitation rates, the increased vields are
assumed 1o reflect real changes in lobster abundance, although there is no consensus on
why recruitment should have improved. Geographic comparisons of time series of landings.
larval surveys and oceanography huve indicated lentative stock boundaries bui there is fittle
vnderstanding of stock-recruitment relationships. To-date, none of the numerous bioticand
ahiotic factors that have been hypothesized as cantrolling lobster recruitment have praven
reliable for forecasting yields. Work onthe behavioural ecology of the cryptic early benthic
stuges has invoked various density-dependent mechanisms as population controls in local
areas; however, these mechanisms muy nol account fur lurger-scale recruitment events.
Changes in climate, and 10 a lesser extent. reduced exploitation rates in the last 20 years
muy have caused s generalincrease in recruitment. producing yields inmateh historic highs
in some Jobster fisheries. There are implications for both traditional fisheries models and
management if Jobsler siocks are dominaled by “supply-side’ recruilment dynamics under
the control of an unpredictable climatic phenomenon. 0] Lobster, life history, fishery,
density-dependence, recruitment mechanisms, research approach.
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The American lobster, Homarus america-
nus, is the largest and most abundant specics
of *true’ or clawed lobster (Nephropaidea).
Some specimens have been reported to
achieve a live weight over 19 kg (Wolff,
1978). The species has a largely boreal dis-
tribution along the northeastern coast of
North America, from the Strait of Belle Isle
through the Gulf of St. Lawrence, and the
Gulf of Maine to Wilmington, North
Carolina (Williams, 1984). The Gulf Stream
around Cape Hatteras. North Carolina ap-
pears to present a thermal batrier at the
southern limit (Fig. 1). The total range of the
specics extends over 15 degrees of latitude.
Lobster (Note: throughout the fext lobster
refers to the American lobster. H. ameri-
canus, unless indicated otherwise) usually
occut within 20-25 km of the coast at depths
shallower than 50 m; however, populations
exist on the continental shelf and offshore
banks, extending to depths of over 700 m in
the canyons of the continental slope.

Before commercial exploitation began,
Amcrican lobster was common cvenin inter-
tidal arcas and collected fer food by Indians
and, later by the early European scttlers.
Lobster was so abundant i was reportedly
uscd for agricultural fertilizer (DeWolf,
1974). Lobster fisheries have been of major
cconomic and cultural importance for over
one hundred years. Commercial harvesting
started in Massachusetts in the carly 1800s
and bad reached Maine by 1840 (Herrick,
1911). Lobster fishing in Canadian waters
cxpanded rapidly after the introduction of
canncries to Nova Scotia in 1851, Lobster
landings began in Quecbec in 1871, New-
foundland in 1874 and the Magdelen Islands
in 1875; the Canadian fishery was con-
sidered to be fully developed by the 1890s
(Robinson, 1980; Pringle et al., 1983).
Monitoring and regulation of the various
lobster fisheries began as early as 1873, bi-
ological research soon after (Herrick, 1896).
Although Amecrican lobster appears onc of
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FIG. 1. The geographical distribution of Americuan lobster, Homarus americanus (shaded) along the coast of

North America; note, major fishing areas (black).

the most intensively studied and popularly rec-
ognized marine crustaceans there remain large
gaps in understanding of its life history and the
ecological mechanisms controlling abundance.
Consequently, powers to predict recruitment are
limited, and determining the consequences of fish-
erics management initiatives is problematic. The pre-
sent paper reviews the biological basis to recruitment,

the development of the commercial fishery and
postulated recruitment mechanisms. Progress in
describing lobster life history dynamics and un-
derstanding the factors that influence recruitment
patterns is argued to have been hindered by the lack
of an effective postlarval collector, long-term data
sets on oceanographic events and the overall
scientific approach.
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BIOLOGICAL BASIS TO RECRUITMENT

A female lobstercarnes between 7,00010 97.000
cgygs, depending on body size and origin, un ker
dbdominal pleapods for 9-12 months. Brooding
time 18 strongly related (o lemperature (Tem-
pleman, 1940a; Perkins, 1972). Ovigcrous
females undertike scasonal depth migrations
that appear associated with maximizing degree
days nceded for cge development:  hatching
cggsin relatively shallow, warm walerincreases
survivorship of larvae by decreasing develop-
ment time to the benthic stage (Campbell, 1Y56a.
1990a: Campbell and Stasko, 1980). The cgas
hatch doring summer (July ~ Seplember) and the
four stages of frec-living pelagic larvie remain
in the water column for 1-2 months. depending
on temperature (Templeman, 1940h), Stage [V
larvae become benthic in late summer, setiling
into preferred substrates such as gravel (Cobb,
1971, 1977, Cobb er al., 1983,198Y), Mortality
during the larval stages is probably high, duc 1o
predators, starvation and physical factors (Scar-
ratt, 1964, 1973; Caddy, 1979; Harding er al..
1982). Early postlarvae are cryptic «nd burrosw
into preferred substrates where they are less sus-
ceptible to predation and may filter fzed (Potle
and Elner, 1982; Lavalli and Barshaw. 1986,
1989; Barshaw and Lavalli, 1988). There 18 un-
cestainty whether the few inshore sertiement
sites that have been discovered should be con-
sidered *nurseries’ (areas preferentially selected
for scttlemenl) per se or merely arcas with ap-
propriate bottom characteristics where postlar-
val survival and, hence, density, is higher than
vther seltlement siles, Lobster above approxi-
mately 40 mm carapace lepngth (C.L.) frequently
forage outside their burrows, roaming progres-
sively further afield as they become larger and
mature (Lawton, 1987). However, subsirale
characteristics, particularly size and availability
of shellers, continues to strongly intluence lob-
ster distribvtion and abundance (Scarratl, 1968;
Cobb, 1971; Cobb er al., 1986, Hudon, 1987).

Recruitment-related variables such as growth
rate, size al maturity and spawning charac-
teristics vary with environmentai conditions, no-
lably lemperature (Aiken and Waddy, 1986),
Lobster attain the current legal minimum size,
for most gtounds around Nova Scotia, of 81 mm
C.L. after five to eight years. In some areas, such
as the Guit of St, Lawrence, “canner’ lobsters of
64 mm C.)- are fished and recriitment into the
fishery may occur at an cven carlier age. In
addition, summer temperatures over mucliof the
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southern Gulf of St. Lawrence may be suffi-
ciently high to permit two moults per year, in-
stead of the usual one, for newly recruited
lobster. Otfshore lobster also grow relatively
fasl, allaiming fishable size after 4-5 years. as
compared to the 7-12 years required for thosc on
some nearshore grounds (Cooper, 1977). Most
lobster reach [fishable size before attaining
sexual matunty (Ennis, 1986, Cobb and Wang,
1985). Alithough 1apging and laboratory studies
have provided extensive information on moult-
ing and growth for immature and early adult
stages (Miller et al., 1989), estimating the age of
older adults is problematic, as the intermoulc
period becomes longer and |ess predictable after
the onsct of maturitv, Aging is further compli-
¢uled because mature females can delay mouli-
ing in order to extrude a further baich of eggs
(Waddy and Aiken, 1986).

There is no consensus on Lhe natural life-span
for lobster. Cooper and Uzmann (1977) com-
puted a von Benalanffy growth equation, using
L values of 270 mm C.L. (males) and 240 mm
C.L. (females), thal provided maximum esti-
mates of 100 years lor offshore specimens. Esli-
mates by Campbell (1983a) suggest more rapid
grawth whereby males and females reach 200
mm C.L. in 20 and 30 years, respectively,

For American lobster. us for most marine in-
vertehrates, critical linkages between oceano-
graphy and larval life-history phases arc lacking,
andtheexistence of astock-recruitment relation-
shipis lurgely wmatter of falth (Cobb and Wang,
1985). Sources of recruitment and larval mixing
are only superficially understood, und con-
sequently so are mechanisms for variability in
recruilment patterns, Development of predictive
models has been slow. Studies in the Northum-
berland Strait (Scarratt 1964, 1973) have failed
1o demaonstrate i correlation between abundarice
of stage Tlobster larvac and the parent stoek or
predictive relationship between the production
of stage 1V larvae and subsequent recruitment
into the fishery (bt see Fogarty and Idoine
(19§6) for u re-cvaluation). However, Campbell
(19%0b) derived & prerceruit abundance index
from commercial lraps o predict ecruitment Tor
lobster grounds off snuthwestern Nova Scotiz
-2 years later,

For the puiposes of this paper, a stock 1s de-
tined as *a population of organisms which, shat-
ing a commoep gene pool, is sulliciently distinct
) Warrant cunsideration as a sclf-perpeluating
svstem that can be managed’ (Larkin, 1972). We
define recruivmens Broadly as survival from
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same eanlier Nife-history stage to the minimum
Icgal size for the commercial fishery, The con-
tinuitv of the stock in time and space depends on
the larviie or o later life-history phase returning
tn the brood area to complete the genetic cycele.
Egg hatching locations are often lfar from habi-
tals Favorable 1o juveniles, which, in turn, may
differ [rom areas preferrcd by adults. Ifa species
hus not evolved a reproductive strategy that re-
turns recruits to the fishing grounds regularly,
the stability of the stock cannot be assumed and
il will be practically impossible to predict re-
eruiiment.

The delincation of stocks and the mechanics of
stock-recruitment relationships are problems
fundamental 1o fisheries scicnce. Presumably if
stocks can be identificd, effective management
rcgimes can be imposed (o optimise exploitation
of the resource, Ennis (1986} deiailed five re-
quirements for determining a stock-recruitment
rclationship:

1. a population that is morc or less discrete.
both geographically and biologically {i.c, a
stock);

2. measure of stock size over @ time period
when abundance ranged widely:

3. measure of recruitment to the stock which
coincides with the same time period;

4. understanding of the cffect of variation in
factors-other than stack size on recruitment var-
fability; and,

5. understanding of recruitment processes lur
the stock.

Although compenents of all five have been
studied for H. americanus there has been no
concerted attempt to inlegrate results und re-de-
fine munagement areas. Campbell and Mohn
(1983) cxamined histurical catch data (tom the
Cinadian Marntime Provinces and Mainc and
defined broad geographic population boundaries
for Jobster on the basis of coherence in lemporal
trends in landings over several decades. A simi-
lar excrcisc performed by Harding et al. (1953)
suggested the same major groupings, Although
morphometric studies have indicated some
segregation of inshore und offshore fobsier
(Saila and Flowers. 1969) the movement pat-
terns of mature lobster and the propensity for
larval cxchange suggest that genetic mixing oc-
curs al least within the Gulf of Muine syslem
(Campbell and Stasko, 1985, 1Y86). Tn datc.
attempts to delineate lobster stocks an the busis
of parasites (Uzmann, 1970; Boghen, 1978:
Stewart, 1980; Brattey and Campbell, 1486)
have had only imited success. Protein ¢leciro-

phoresis indicates that American talster Trom
various arcas are genctically similar, with the
exception of 4 single enzvme-that nllows dis-
crimination between lobsters fram Prince Ed-
ward Island and south of Cape Cod (Tracey et
al.. 1973).

Mark-recapture studies in Canada (Miller et
al., 1989) have shown that while immature com-
mercial-sized lobster travel only short distances
{Campbell, 1982), mature lobsters undertuke ex-
tensive movements (> 100 km)and tendtoretum
to the location where they were inibally matked
(Pezzack and Duggan, 1986; Campbell, 19863).
This homing behaviour may involve a raund trip
movement of up to 400 km in one year (Camp-
bell, 1989). In addition, short, seasonal inshore-
oflshore, or shallow-deep, migrations fitve been
noted in the Gulf of Maine, on Georges Bankand
off the Magdelen Islands (Saila and Flowers,
1968; Dow, 1974; Cooper #nd Uzmann, 1930;
Krouse, 1980; Campbell and Staska, 19806), The
movements appear associaled with maintaining
maximum local temperatures (Cooper and Uz-
mann. 197}; Campbell and Stasko, 1986). In
comparison, taggmg studies off castern Nova
Scotia, around Newfoundland and, gencrally, in
the Gulf of St. Lawrence hive revealed only
small-scalc maovements (< 15 km)(Ennis, 1984),

Movemen! palierns for lobster larvae are
poorly known and investigaiors have osually
related larval pathways to residual surface cor-
rents. Various allempts have been made o cluci-
date Jarval sources for the Nova Scolian Atlantic
coast and the tich inshore fishing grounds off
southwestern Nova Scaotia. While Stasko (L97¥)
hypothesised that Browns Bank was the source
of larvae for southwestern Nova Scotia, Harding
st al. (1Y43) suggested the larvae originate from
Georges Bank (but sce also Harding and Trites,
1US8, 1Y8Y; Pezzack, 198Y). Dadswell (147Y),
on the assurnption thal circular currents relain
larvac within an area while longitudinal currents
carry turvae away, proposed that there are six
lobster-recruitment cells for the Canadian Mari-
times. More recent work has shown that lobster
larvae exhibit pronounced diurnal vertical mi-
gratiun behaviour and should not necessanly be
considered passive surface drifters (Harding er
al., 1987). I lobsier larvae resemble other de-
capod larvae, this behaviour may maintain their
position (Sulkin, 1986). Lobster larvac were cal-
lected only at the surface and only with onshore
winds during o study in a necarshore area off
Newloundland, also suggesting that a nearshore
retention mechanism exists (Ennis. 1983).
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THE FISHERY

For over 100 years. American lobster have
been predominantly caught by traps. both in
Canada and the U.S.A.. Prior lo the Jale 186(s
lobster were captured by a variety of mecthods
including hooks. spears and hoop nets (DeWoll.
1974; Dow, 1980). The majority of offshore
fisheries use large traps but in some offshore
arcas of the U.S.A. otter trawling has occasion-
ally supplemented trapping (Dow, 1980); Fogarty
et al,, 1982; Pezzack and Duggan, 1983). The
variaus inshore and offshore lobster fisherics are
partitioned into management areas based on
socioeconomic considerations rather than bio-
logical criteria (Dow. 1980 Pringle et al., 1983;
Campbell, 1989). Depending on the area in-
volved, conservative management of these lob-
ster fisheries has included a combination of
regulations : minimum and maximum sizes, pro-
tection of ovigerous females, effort restrictions
through license and trap limitations and scason
openings and closures, plus quota restrictions for
the offshore fishery (Dow, 1980; Fogarty et ul.,
1982: Pezzack and Duggan, 1983; Pringle ef al.,
1983; Campbell, 1986b, 1989). Without ade-
quate cmpirical stock-recruitment data deter-
mining whether thesc regulations have becn
effective conservation tools is impossible.

Historically, landings have fluctuated consid-
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erably (Fig. 2) but in recent years they have
generally risen for most areas (Fig. 3). Total
North American landings exceeded 60,000 t
(Ennis, 1986) and Canadian lobster landings
reached over 43,000 t per annum in the last
century. Record lows in the 1960s and 1970s
have been followed by all time highs in the
1980s: 1otal Canadian lobster landings doubled
between 1977 and 1986 and in some arcas rose
by an order of magnitude. The main reason for
the rise appears to be an increase in the absolute
abundance of lobster (Miller er al., 1987). Al-
though there has been some increased fishing
cffort and expansion to new grounds, catch rates
have also increased. In addition. management
measures, including more stringent enforcement
of regulations and a reduction in the number of
licenses, have helped sustain the recovery in
Canada.

Historical fishing cffort trends are not as well
known as landings for the American lobster.
Fishing effort can fluctuaic with many factors
such as market demand (Dow, 1980) and in-
creases in fishing gear efficiency; also, trapabil-
ity can vary from location to localion depending
on lobster activity and physiological condition
(McLeese and Wilder, 1958; Elner. 1980), How-
cver, because effort is high (currently, there are
about 10,000 licensed lobster vessels in Canada
and cxploitation rates have been estimated at

70000 —
60000 -
0000 ] TOTAL
-E -
g ] \/\/W\ CANADA
S 30000 -
g 1
= 20000 - A
g | T USA
= 10000 - “‘“‘*’“’/
0 T I ~— rr — T T
1860 1880 1900 1920 1940 1960 1980 2000
YEAR
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FIG. 3. Annual landings of American lobster tor Maine, Nova Scolia, Prince Edward Island and Newfoundland,

from the late 18805—1989.

60-90% (Anthony, 1980: Campbell, 1980;
Miller et al., 1987)) catches mainly comprisc
lobster that are newly-recruited to commercial
size and the assumption is that landings are a
reliable indication of the total fishable biomass.
Therefore, major fluctuations in recruitment
(lobster molting into the fishery) will be re-
flected in the landing trends. Recent increases in
exploitation of large mature lobster, an impor-
tant source of recruits, concurrent with high ex-
ploitation of newly recruited lobster in the
inshore fishery has caused concern that the
amplitude of landing fluctuations could increase
until recruitment failure occurs (Campbell,
1089).

RECRUITMENT MECHANISMS

Throughout their extensive geographical dis-
tribution American lobster are found in adiverse
array of habitats, from the intertidal zone to a
variety of coastal sublittoral habitats to the cany-
ons of the continental slope (Cooper and Uz-
mann, 1977). Becausc physical and biological
factors vary widely (e.g. temperature can be

from 0°C to 25°C) their influence on recruitment
will change in time and space (Aiken and
Waddy. 1986); thus, understanding recruitment
mechanisms is a challenging task. After a cen-
tury of research fundamental factors such as the
relationships between the seasonal movements
of adult lobster, distribution of brood stock, lar-
val recruitment processes and oceanographic
teatures are still unclear. The numerous attempts
to explain fluctuations in lobster abundance have
included factors and mechanisms such as:

— Temperature variation (Flowers and Saila,
1972; Dow, 1977; Fogarty, 1988) which acts
strongly to regulate activity and trapability of
commercial-sized lobster (McLeese and Wilder,
1958) and the growth rates of all life-history
stages. The prabability of moulting is strongly
temperature related and the proportion of lobster
that moult can decrease by nearly 50% in cold
years (Campbell, 1983b).

— Freshwater river discharge (Sulcliffe, 1973)
which influences food production and, hence,
larval survival, Other workers (Sheldon et al.,
1982) suggest that increased discharge intensi-
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fics stratification, causing higher heat rerention,
faster larval development and improved survival.

— Excessive exploitation rates, which reduce
¢ggs per recrult {Robinson, 1979; Campbell and
Robinscn, 1983) causing recruitment failures and
declines in landings, Egg predators (Campbell and
Bratiey, 1986; Fogarty and idoine, 1986) and aa-
thropogenic factors (Aiken and Waddy, 1950)
have also been hypothesised as reducing cgys per
recnul,

— Ecosystem productivity changes (Wharton
and Mann, 1981) and competition with sea urchins
lorspace (Gamick, 1989) which affect recruitment.

We do notintend to account for all the hypothe-
scs that have ariscn (Ennis, 1986). but rather de-
scribe the general history and progress of rescarch
o clucidate lobster recruitment paticms.

In the 1970s, during the period vf collapsed
lobster landings along the Atlantic coustof Novg
Scotia, workers suggested several causcs forthe
slump: recruit overfishing (Robinson, 14749),
ecosystem deterioration due o @ population ex-
plosion of sca wrchins triggered by averfishing
{obster (Wharton and Mann, 1981) und closing
the Strait of Canso blocking an important sourcs
of larvac (Dadswell. 1979). Subscquentiy, the
recruitment failure was attributed by Harding ¢/
al. (1983) to all three scenarios: excessive fish-
ing of immature lobster between the 1890s and
1920 depleted the breeding stack and caused the
initial dectine in landings; climatic cooling und
the closure of the Strait of Canso further reduced
lobster stocks and, in the absence of predation by
Iobster, destructive grazing of macroalgal beds
by sea urchins reduced the carrying capacity of
the environment for lobster. None of these ex-
planations was subjected to thorough scicntific
testing and cach had its proponents and critics
{(McCracken, 1979; Pringle et al., 1982; Einet
ind Vadas, 1950). Meanwhile, apart from reduc-
ing the number of liccnsed vessels. fisheries
managers took little action and, from either iner-
tia or their conservative nature, were still con-
sidering the situation when landings started to
recaver during the early 1980s. The sca urchins
suffered mass mortality from diseasce and mac-
roalgal beds recovered while landings increased
(Miller and Colodey, 1983; Miller, [985a:
Scheibling and Raymond, 1990). The cause of
the upturn is as cnigmatic as explanations for the
decline, especially with respeci 10 the role of
macroalgae, However, noreliable cvidence links
Inbsterproduction to macroalgac (Miller, 1985b;
Elncrand Campbell, 1987). Indeed, lobsters re-
spensible for {he increased landings in the early-

to-mid 1980 spent their pre-recruit years during
the mid-1970s on the urchin barrens, The appear-
ance and virulence of the sca urchin pathogen in
1980 has been linked 1o unusually warm scu-
water temperatures (Scheibling and Stephensan,
1984; Milles, 1985a; Margosian et al., 1987).
Possibly urchin die-offs and revived lobster
landings are caused by the sanic cnvironmental
lactor(s) (Fig. ).

The dramatic urnabout in the lobster fishery
during the 19805 was a surprise given the argu-
ments that inshore stocks should, in theory, have
been exhausted by the highexploitation rates and
low survival tw maturity, Only the existence ol
refugia for reproductive lobster was thought (o
prevent collapses 1o many arcas (Anthony and
Cacdy, 1980), To-date, only two hypotheses
have been advanced for the recruitment pulse :
1) a large-scale climalic change: and 2) a
decrease in fishing mortality during the 1970s.
However, there has been no testing of postulated
mechanisms. More Tecent stndies have concetn-
trated on farval rransport problems (Hudon et el
(986, Harding and Trites, 1988, 1989) and the
ecology of carly benthic stages (Hadon, 1987
Hudonand Lamarche, 198¢). The current debate
centers partly on the behavioural ecology of the
cryptic early benthic stages and possible density-
dependent conuols in local areas. Various mech.
anisms linking lobster larval scttlement znd
subsequent recruitment mla the fishery have
been postulsted (Aiken and Waddy, 1986).
Scveral authors have stressed the importance of
protective habital availability for juveniles (o
lobster populativn dyaamics (Cobb ¢ al,, 1986;
Fogarty and Idaine, 1986, Garnick, 1989). Thus,
limited suitable bottom may ce a ‘bottlencck’
that stabilises and strengthiens the resilience of
the fishable stock. bul, also, limits recruitment
int the fishery, A similar scenario has been
advocated for settling larvae of Norway lobster,
Nephrops norvegicus (Hill and White, 1990).

Fogarty and ldoine (1986) applicd their argu-
ments on shelter-mediated, deasity-dependent
regulstion of prerecruit lobster to ecological
thecory for ammals with complex life cycles
(Wilbur, 1980). American Tobster may be can-
sidered K-selected strategists (life-history char-
acterised by low [ccundily. large egy size,
parental investment in brooding eggs, repaat
spawning in suceessive seasans, large body size,
late sexual manurity, and longevity) which typi-
cally have low reeruitment variability and are
adapted for exploiting physically stahle environ-
meuls contralled largely by density-dependent
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forces (Barnes and Hughes, 1982), In contrast,
other crustaceans such as shrimp with small bo-
dics, rapid growth, carly scxual maturity and
high fecundity are opportunistic, r-selected, or-
ganisms adapted to physically unstable environ-
ments and subject to wide fluctuations in
recruitment. Applying Wilbur’s (1980), criteria,
the American lobster could be classified by
‘Density-Dependent Regulation Qnly During
the Larval Stage’. Theoretically, the adult popu-
lation varies with the productivity of the larval
habitat (substitute early-stage, benthic, juveniles
in the case of lobster), and if adults are long-
lived, the age structure would reflect the relative
“‘Jarval® success of recent year classes. However,
while such theory may have been suitable for
guiding research on lobster recruitment mecha-
nisms in the 1970s, the current improved recruit-
ment trend is more reminiscent of an r-selected
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stralegist, and accepted lite-history theory ap-
pears to have little application. Rather, the
scenario seems akin to the current *supply-side’
paradigm where recruitment levels can change
internal controls normally operating within a
svstem (Gaines and Roughgarden, 1985; Lewin,
1986; Underwood and Fainweather, 989)

American lobster yields have always been
geographically variable, Although landings im-
proved in all fishing areas during the 1980s,
yiclds from some increased far more than in the
traditionally stable areas off Maine and New-
toundland (Fig. 3). Pezzack (in press) distin-
guished arcas stable between 1947-1986,
including Maine, Newfoundland, Grand Manan,
southwestern Nova Scotia, the Gulf of St. La-
wrence, Quebec, northeastern Cape Breton and
Massachusetts. The areas which have exhibited
wide fluctuations in landings are the castern
shore of Nova Scotia and southeastern Cape
Breton. Lobster fishing grounds along the Atlan-
tic-coast of Nova Scotia have displayed differing
degrees of response to the improved recruitment
of the 1980s (Fig. 5). Inter-ground stabihity
differences could be due to differences in conti-
nental shelf area, which effect retention of larvag
and substrate and food availability for juveniles,
as well as physical environment.

DISCUSSION

Although a fundamental appreciation of the
American lobster's life history was achicved
carly in this century with classic studies by Her-
rick (1896, 1911) and Hadley (1906, 1908) the
subsequent history of research into stock-recruit-
ment relationships has been somewhat ad foc,
apparently suffering from a lack of a4 concerted
approach. Research thrusts seem to have
chunged opportunistically with ecological fads
(Abrahamson er al., 1989) rather than doggedly
addressing fundamental questions until they
were solved. Work during the 194(s and 1950s
focussed mainly on growth and movement of
lobster that had already recruited into the fishery
in an effort to prevent growth overfishing
(Wilder, 1947, 1948, 1958). During the 1960s ta
mid-1970s there were various attempts both to
identify stocks (Saila and Flowers, 1969; Barlow
and Ridgeway, 1971; Cooper and Uzmann,
1971: Tracey et al., 1975) and to explain trends
in landings through environmental influences
such as temperature (Dow, 1961) and river dis-
charge (Sulcliffe, 1973). Lobster research from
the mid-1970s to early 1980s was influenced by
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vigorous arguments over the impact of the cause-
way across the Strait of Canso (McCracken.
1979} and the ecological implications of destruc-
tive grazing by sea urchins (Elner and Vadas,
1990). The controversy subsided without clear
resolution as landings recovered, and the empha-
sis of research changed again. Recent investiga-
tions focus on larval transport and the movement
of adult lobsters although work on the population
ecology of early life-history stages has con-
tinued. While the numerous studies on H. amer-
icanus aver the past century provide a valuable
general understanding, they reach no consensus
on the major factors influencing recruitment.
The recent recruitment pulse and major in-
crease in landings in Canada started around 1981
and has unshackled both the Sutcliite model
correlating Quebec lobster landings and river
run-off (Drinkwater ¢f al,, in press) and stock
discrimination based on historical landings pat-
terns (Campbell and Mohn, 1983). We belicve
that the causitive mechanism(s) must be very
powerful to have effected virtually all lobster
fisheries. Landings increased more or less in
unison throughout coastal Nova Scotia and the

southern Gulf of St. Lawrence, but in varying
degrees in local areas, suggesting that large en-
viranmental foree(s) may have acted during the
same general time period to intluence recruit-
ment. The various density-dependent mechanisms
invoked as population controls of the cryptic early
benthic stages of lobster in local arcas are un-
fikely 1o account for large-scale rccruitment
events. Changes in climate coupled, perhaps,
with decreased exploitation rates in the last 20
years are a more probable cause. We speculate
that larval and carly juvenile survival was en-
hanced during several years in the late 1970s-to-
carly-1980s through increased growth and food
availability probably due to an increase in water
temperature (Fig, 4). Also, low fishing mortality
in sore arcas during the late 1970s could have
allowed more females to produce eggs and the
increased number of eggs per recruit may have
swollen recruitment into the fishery 5-8 yr later
(Campbell, 1990b). Subscquently diffcrential in-
dividual growth rates spread this cohort into the
fishery over several years, resulting in 3-5 years
of record landings. Coupled with increased lob-
sterabundance, fishing effort and total mortality
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of lobster Increased dramatically 10 sume areas
(Campbell, 1990b).

‘Supply-sidc” lobster recruitment contralled
by an unpredictable climatic phenomenon bas
profound implications for fisheries manage-
ment. Most management initiatives are based on
the understanding thal fishing mortality can have
3 strong impact on annual recruitment and that
regulation of {ishing pressure can preempt re-
cruitment prohlems. If;, as the events with lobster
in the northwestern Atlantic over the past 10
years suggest, recruitment can be independent of
fishing pressure then proactive management be-
comes cssentially impotent, with managers only
being able to react to changes in stock abundance
as they occur. The situation would make recruit-
ment predictions largely dependent on under-
stunding and forecasting the causative
environmental mechanism(s). Traditional lish-
eries models based on concepts such as surplus
production and stable recruitment would be
largely redundant.

While miuch is known about the biology of
American lobster a conspicuous inabilily o un-
derstand recruitment remains compared t the
successes achieved for the western rock lobster.
Panulirus cygius (Caputi and Brown, [986:
Phillips, 1986). Progress appears 1o have been
hindere'd by three factors. First, the numerous
atiempis to develop a passive collector to inter-
cept and index the recruitment strength of Amer-
ican lobster postlarvae at settlement have all
failed. Instead, trial collector designs have
succeeded in capturing early benthic stages of
the commercial rock crab, Cancer irroraius
(Beninger et al., 1986). Sccond, comprehensive
long-term data sels on occanographic events
(other than sea surface temperatuie and river
discharge), prercquisites ta cxploratory correla-
tion analysis and effective generation of hy-
potheses on physical contrals on jobster
recruitment, have not becn available. Thirdly:
the overall scicntific approach appears 1o luck
rigar. Although numerous explanations for re-
crustment patierns in American lobster have
becn advanced there has been little actual experi-
menlal lesting of actual hypotheses and no con-
certed attempt to sequentially advance by “strong
inference’ (Elner und Vadas, 1990). We believe
that only by effectively addressing these three
fuctors together can a realistic model of a bio-
logical lobster stock, integraling physicul and
aceanographic parameters with the complete
life.cycle and ccology in a defined arca through
tirme, be achieved. Such a model of the whole

systenr is requited before the various system
componcnts can be viewed in conlext, their rela-
tive influcnees explored, and predictive models
developed.
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